only delivers virtual elements to enhance and enrich reality but does not allow interaction with the environment.
When comparing VR to the traditional training methods, a meta-analysis of 30 studies demonstrated that VR simulation is as good as box trainers and significantly more effective than video trainers [1] . Hence, multiple medical specialties have already started to incorporate these innovations into their daily practice, mostly in surgery, resulting in many positive outcomes for surgical planning and simulation. In vascular surgery, VR makes it possible to analyze the spatial relationship between aneurysms and skull, when compared to plain 3D-images [3] . Patient-specific virtual reality rehearsal (PsR) before endovascular infrarenal aneurysm repair (EVAR) has been shown to reduce perioperative errors (26% reduction of minor errors and 76% reduction of major errors) and to decrease the number of angiograms required to deploy the stent graft, thereby reducing delays. In neurosurgery, tractography is a specific VR technique that reconstructs neural tracts using data collected by diffusion tensor imaging (DTI), allowing simulation of neurosurgical interventions preoperatively [4, 5] .
The field of general surgery is lagging behind other surgical specialties with regard to VR. Up to now, only pilot studies have been published about the use of VR in general surgery. These studies have shown that VR training tools improve the laparoscopic skills of both inexperienced and experienced surgeons [1] . The experience gained from other procedures indicates unequivocally that gastrointestinal surgery can benefit from VR training both in the preoperative and the intraoperative setting, especially in technically challenging procedures such as transanal total mesorectal excision (taTME) [6] [7] [8] . VR combined with 3D virtual patient-specific models will help in planning and simulating procedures in advance, locating essential structures such as ureters, vessels and neural bundles, which are key landmarks subjected to injury during taTME. Once in the operating room, VR images can guide surgical navigation, enhancing the surgeons' view of the operating field by combining the 1 3 visual field with the radiology images. Fluorescence guidance by the augmented eye [9] is a non-invasive method that allows real-time cartography of structures (ureters and nerves), labeled by injected fluorophores, which are excited by near-infrared laser cameras [10] . Another asset of the VR glasses being developed is the ability to provide real-time microscopic images with confocal laser endomicroscopy (CLE) [9] , which generates digital "biopsies" at micronlevel resolution. This technique could translate into a precise estimation of tumor margins and could end unnecessary sacrificing of the anal sphincters or reinterventions due to positive margins in oncologic resections. The augmented hand [9] is a flexible device that overcomes the rigidity of the laparoscopic instruments that could be the solution for the pure natural orifice transluminal endoscopic surgery (NOTES) taTME [11] , where the dissection is performed completely transanally. With current rigid instruments, it is difficult to reach the splenic flexure, due to the angle formed by the promontory, while this VR minimally invasive "hand" enables surgical triangulation, overcoming this limitation.
Some hurdles need to be overcome in order for VR to become a useful daily tool for surgeons. One of the major drawbacks limiting the proliferation of the enhanced reality devices is the lack of haptic feedback on the VR controllers, a key capability that controllers are required to have. VR with haptic feedback is at least as effective in training as traditional box trainers and makes possible shorter operative times and more efficient movements [9] . Creating effective haptic sensors on the VR systems providing force and tactile feedback to the surgeon from the operative field via the laparoscopic instruments is challenging and still under development and evaluation, but will be essential for efficient training and simulation.
The advent of VR simulators has ushered in a new era, but these advances have not yet been fully translated into the clinical setting. Proficiency-based training, with optimal provision of immediate feedback and on the spot instructions, the motivation for deliberate practice and the availability of practicing varying levels of difficulty all seem to enhance the learning outcomes of VR simulation [1, 2, 5] . Different settings should be proposed for the surgeon, from simple laparoscopic cholecystectomy to more demanding procedures such as gastrectomies or total mesorectal excision. Performing a PsR before real taTME surgery based on VR images to foresee possible difficulties and complications, or navigating through the sensitive structures, should become part of daily practice on the near future, in order to improve patient safety while enhancing surgical precision.
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